Integrated Amplitude Versus Offset ( AVO), elastic seismic inversion and petrophysical analysis have been successfully applied to estimate the elastic parameters of the reservoir for a case study of the gas field in south Sumatera basin. This paper aims to have better understanding the petrophysical properties of the reservoir. The petrophysical analysis was carried out by performing routine formation evaluation that includes calculation of shale volume, porosity, and water saturation of basic good log data. Sensitivity an alysis was conducted to evaluate the sensitivity parameters of the log for changing in lithology, porosity, and fluid content in the reservoir. For completing the availability of elastic parameters from well log data, shear wave logs were derived from Castagna's mudrock line relationship. Further, P-impedance, S-impedance, VpVs ratio, LambdaRho (λρ), MuRho (μρ) and density(ρ) were then calculated through a Lambda-Mu-Rho (LMR) transformation. Prior to performing AVO analysis and elastic seismic inversion, super gather technique was applied to improve the reliability of pre-stack seismic data. Elastic seismic inversion was carried out to extract the lateral elastic properties to capture lithology and fluid changes in the reservoir. In addition, AVO analysis of prestacked data was applied to identify hydrocarbon-bearing sandstone at target zone. The petrophysical analysis shows that porosity versus density crossplot is able to distinguish sand-shale based on 34% shale volume cutoff, while LMR crossplot is able to delineate hydrocarbon zones at water saturation value under 65%. The predicted lateral elastic parameter of the reservoir show's slightly higher value compares to overlying layer. This means the reservoir presents the proper petrophysical properties that associated hydrocarbon gas.
INTRODUCTION
There have been numerous optimization strategies has been performed to enhance the productivity of the old producing field of south Sumatera basin. Generally, the integrated application of a log and seismic data are limited to depth conversion and structural identification. Advanced techniques have been introduced to utilize more of the acquired data [1] . The integrated Amplitude Versus Offset (AVO), elastic seismic inversion and petrophysical analysis is the purposeful strategy for performing rock physics analysis, which is calibrated by laboratory and well measurements and continued to the advanced seismic data processing. In this study, a petrophysical analysis that includes shale volume, porosity, and water saturation was performed to identify hydrocarbon bearing zone at the targeted interval.
Petrophysical parameters that can be directly correlated to seismic data is a primary (P) and secondary (S) wave. In this case, P-wave was obtained from a sonic log, while S-wave was derived from Castagna's mudrock line relationship. The sensitivity parameter that was represented by changing of fluid and lithology in the target zone can be observed through various cross plots [2] . Density versus porosity crossplot reflects variation in lithology, where some clean sands demonstrate medium density with high porosity and shales are within the same range but with low porosity [3] . The Lambda-Mu-Rho crossplot gives insight to hydrocarbon presence in reservoir since LambdaRho is the incompressibility expression thus can be used to predict pore fluid content, while Mu-Rho is rigidity term that related to lithology [4] .
The elastic seismic inversion, which is known as a simultaneous inversion method, is a process of inverting pre-stack seismic data to estimate elastic impedance (P, S impedance and density). The elastic seismic inversion algorithm is approximated by linearized reflectivity with respect to incidence angle, which is expressed by Aki Richard equation [5] . In this study, the elastic seismic inversion was applied to produce P-impedance, S-impedance, scaled Poison ratio and density section.
The last analysis is AVO responses from pre-stack gather data. This AVO analysis is intended to characterize the AVO response and to infer the type of fluid in the reservoir [5] . In principle, AVO analysis on pre-stack gather data is based on the amplitude response as a function of offset or incidence angle. This means the increasing or decreasing amplitude as a function of angle are associated with petrophysical properties and fluid content [6] . The reflectivitiy coeficient represents elastic parameter change in between an interface. Therefore the conversion of energy causes AVO response at the reflector interface. The AVO response classification is based on different types of lithology and fluid depending responses [7] .
METHODS
The study area is focused on Talang Akar Formation of south Sumatera basin, which is a Tersier back-arc basin located along west to south part of Sunda land. This asymmetric basin bounded by faults and Pre-Tersier sediments to south-west side with Dua Belas Mountains and Tigapuluh Mountains respectively to the north-west and north part of the basin. The basin itself is subdivided into four sub-basin due to compressional and extensional tectonic phase that took place during Cretaceous to Eosen [8] . Talang Akar Formation consists of delta plain sediments with shale, silt, and quartz sandstone and interbedded carbonaceous shale, coals, and some conglomerates [9] .
Well, log data is evaluated to estimate shale volume content, porosity, and water saturation of target zone. Sensitivity analysis was carried to observe the effect of lithology and fluid changes to elastic properties of the reservoir. The detailed reservoir characterization is based on density, porosity, shale volume, acoustic and shear impedance as well as Lambda-Mu-Rho.
Pre-conditioned of prestack seismic data was performed to remove the asymptotic amplitude due to inherent data. In this process, a bandpass filter was applied to pre-stack data were to reduce residual noise. The filtering process is then continued by applying radon parabolic transform to eliminate noise and optimize the primary signal. After that, a super gather was carried to improve the signal to noise ratio. Prior to AVO analysis, the produced super gather was aligned by applying normal moveout correction to prepare prestack seismic data is interpretable.
AVO analysis was carried out by observing the AVO response in terms of AVO gradient (B) and Intercept (A). These AVO attributes were derived from Aki-Richard formula and the plots are characterized based on William Rutherford AVO type. Scaled Poisson's ratio change was also analyzed to identify hydrocarbon presence in the reservoir. Another scheme of AVO classification by Young-Piccollo is used in this analysis. The classifications expand and redefine the commonly used AVO type from Rutherford-Williams and Castagna-Swan. The difference between Young-Piccollo and Rutherford-Williams scheme is in the sand layer, which is designated to be conforming or nonconforming [10] . The conforming sands are re-divided to consider AVO response type 5. The AVO response type is determined based qudrant classification that consider the AVO attributes (intercept and gradient) [10] .
Prior to performing elastic seismic inversion, the initial earth model was built from well data that was guided by picked horizons. In this study, the elastic seismic inversion used Fatti's version of the Aki-Richard's formula. The algorithm works by approaching reflections amplitude as a function of incident angle [11] . Forward modeling of initial model results in P-impedance (Zp), S-impedance (Zs), and density volume (Dn). Inversion analyses were conducted by matching a regression trend of inversion parameters. The product of elastic seismic inversion is expressed by logarithm of P, S impedance and density. Those parameters are derived from linear regression approximation between logarithm of P and S impedance and P impedance and density [12] . This regression then applied to seismic volume to produce inverted Zp, inverted Zs, and inverted Dn. Lithology variation and fluid content of the reservoir can be interpreted from those inverted volumes [13] .
RESULTS AND DISCUSSION
Sensitivity analysis between porosity and density was performed based on log data, which is demonstrated to identify the lithology type of the target zone [14] . The sensitivity is expressed in the crossplot, which is shown in FIGURE 1a. The sand cluster was identified in the density range of 2.25 to 2.45 gr/cc. with porosity is greater than 15% and shale volume cutoff of 34%. In addition, sensitivity analysis between Lambda-Mu and Lambda-Rho is expressed in the crossplot in the FIGURE 1b. This cross plot is to identify the presence of hydrocarbon in the reservoir. The green area in the crossplot correlates with low water saturation value in the reservoir. The elastic seismic inversion produced P-impedance, S-impedance, and density section, which is illustrated in FIGURE 2. P-impedance section, which is associated with a change of lithology in the target zone, is ranging from 9000 to 10000 (ft/s)*(gr/cc). The targeted zone shows lower Pimpedance than the overlying layer. S-impedance section, which implies rigidity of rocks, is varying from 5000 to 5600 (ft/s)*(gr/cc). The contrast of S-impedance that related to the fluid content shows light changes may cause by inter-layering of sandstone. In addition, the density section denotes a reservoir with density up to 2.6 (gr/cc). In general, the P-impedance and S-impedance expressed a low contrast, while the density section illustrated a high contrast in the target zone. FIGURE 3 shows the pre-stack seismic data and amplitude curve as a function of offset for the targeted zone. AVO. The seismic reflection event of pre-stack seismic data is identified in the depth of 1650 ms, which is indicated by bright amplitude. The picked amplitude on this reflection event expressed the decreasing amplitude with increasing angle. This AVO response is well known as a dimming event. FIGURE 4 shows the AVO intercept section. AVO analysis on Intercept (A) section indicates positive value at target zone, this gives insight that impedance is higher than the overlying beds and can be interpreted as lithology changes from sand to shale. Gradient (B) section at target zone has negative value where amplitude at zero offsets is decreasing at far offset. AVO analysis on the target zone, which is based on the AVO gradient, illustrated positive amplitude at zero offset and followed by decreasing amplitude with offset. FIGURE 5 shows the AVO gradient section. Refer to William-Rutherford classification this AVO response is classified as a type I. According to Young-Piccollo scheme, this positive intercept and negative gradient, which is Integrated Amplitude Versus Offset ( AVO), elastic seismic inversion and petrophysical analysis have been successfully applied to estimate the elastic parameters of the reservoir for a case study of the gas field in south Sumatera basin. The petrophysical analysis is able to identify the sand reservoir, which is indicated by P-impedance ranging from 9000 to 10000 (ft/s)*(gr/cc) and S-impedance varying from 5000 to 5600 (ft/s)*(gr/cc). The elastic parameters have been successfully predicted in the P-impedance, S-impedance and density section, where the targeted zone was indicated by lower elastic impedance. Further, the AVO analysis illustrated that the targeted zone is classified into AVO response type I, which is indicated by decreasing amplitude as a function of offset. Further aplication
